Intrahepatic cholangiocarcinoma (ICC) is the second most common primary liver cancer, accounting for 10-15% of primary hepatic malignancy. The incidence and cancer-related mortality of ICC continue to increase worldwide. At present, hepatectomy is still the most effective treatment for ICC patients to achieve long-term survival, although its overall efficacy may not be as good as that for patients with hepatocellular carcinoma (HCC) due to the unique pathogenesis and clinical-pathological profiles of ICC. Viral infection, lithiasis and metabolic factors may all be associated with the pathogenesis of ICC. Poor blood supply, cirrhosis (in rare cases), surrounding organ invasion, and lymph node/distal metastasis have significant impacts on the selection of surgical strategies, surgical resection rate, postoperative complications, recurrence and metastasis. Surgical treatment for ICC includes R0 resection, lymphadenectomy, total gross resection of the involved biliary tracts, blood vessels and surrounding tissues in adjacent organs, and reconstruction. Postoperative adjuvant therapy and local-regional therapy after recurrence may improve survival. Liver transplantation (LT) is reported to have a moderate treatment effect on early ICC although its efficacy remains controversial. In this article, we reviewed the epidemiology and staging of ICC and highlighted the selection of surgical modalities and postoperative outcomes of ICC patients via literature review.
Introduction
Intrahepatic cholangiocarcinoma (ICC) is one of the hepatobiliary malignancies arising from epithelial cells of the small intrahepatic ductules or large intrahepatic ducts that are proximal to the bifurcation of the hepatic ducts, even hepatocytes (1) . Distinguished by anatomic location, cholangiocarcinoma can be classified as intrahepatic, perihilar, or distal. Although the annual incidence of ICC remains low during recent decades, it has dramatically increased from 0.32 per 100,000 in 1975 to 1 per 100,000 in 2000, making it the second most common primary liver cancer (2) . ICC tends to be advanced upon diagnosis due to difficulties in detection and treatment. Despite advances in modern surgery and medical technology, survival after curative surgical resection for ICC remains low because it is difficult to achieve tumor-free margins due to tumor locations and technical challenges. Either local or distant recurrence may hamper the resectability of ICC in a large number of patients. Lymph node involvement and vascular invasion are considered negative predictive factors for survival of ICC patients. In the following sections, we will review the epidemiology and staging of ICC, and highlight the selection of surgical modalities and postoperative outcomes of ICC patients.
Epidemiology
Approximately 35,660 new cases of primary liver and intrahepatic bile duct cancer are diagnosed each year in the United States (3) , of which about 15% are ICC. Data from the National Cancer Institute Surveillance, Epidemiology and End Results (SEER) program suggest that the overall incidence of ICC is 0.95 cases per 100,000 adults (4, 5) . The incidence of ICC in Europe, North America, Asia, Japan and Australia has been rising over the past two decades (5) (6) (7) , with the highest incidence of 96 per 100,000 men reported in Thailand (8) . Some of these changes can be attributed to the alteration in disease classification (9) as supported by the evidence of concurrent drop in the incidence of extrahepatic cholangiocarcinoma. Some also suggested that part of the increase in ICC may be due to the advantages in modern diagnostic modalities that could identify early lesions and biliary malignancies that were undiagnosed previously (10) . However, a study has demonstrated that the increase in the incidence of ICC is independent of the increased proportion of early-stage ICC or smaller size and un-staged diseases (5) . For instance, the increased incidence might be associated with a rise in certain newly recognized risk factors such as viral hepatitis and non-viral chronic liver diseases (11) . Like other biliary tract malignancies, the incidence of ICC increases with age, peaking between 55 and 75 years old, and is slightly higher in males than that in females (5) .
A number of pathologies may affect the biliary system to produce chronic biliary inflammation, bile stasis and cirrhosis, thus predisposing individuals to the development of ICC and other biliary malignancies. Intrahepatic lithiasis, primary sclerosing cholangitis (PSC), congenital abnormalities of the bile ducts, parasite infection and toxic exposure all have been associated with an increased risk of ICC (12, 13) . It is also worth to note that chronic liver diseases such as viral infection and cirrhosis are now recognized as risk factors for cholangiocarcinoma, especially ICC. In addition, some recent studies have revealed an increased link between the risk of ICC and metabolic abnormalities, such as type II diabetes and obesity (14) , as well as thyrotoxicosis and chronic pancreatitis (15) .
Diagnosis
A large proportion of patients with ICC are asymptomatic, and the lesions are often detected incidentally by radiologic examinations for other purposes (16) . Patients may exhibit right upper abdominal pain, weight loss, and elevation of alkaline phosphatase (ALP) level, but rarely fever or jaundice. In addition, elevation of gamma-glutamyl transpeptidase (GGT), 5'-nucleotidase (5'NT), and tumor markers CA19-9, CEA and CA-125 can be observed in some ICC patients. Imageologically, ICC lesions usually present as malignant-appearing masses in cirrhotic or non-cirrhotic livers. Contrast-enhanced CT scan and MRI with MR cholangiopancreatography (MRCP) can be useful in differentiating ICC from HCC when intrahepatic metastatic diseases are ruled out, the lesion site is precisely located, and biliary duct involvement is confirmed. CT scan is useful in detecting intrahepatic tumors, the level of biliary obstruction, and the presence of liver atrophy or hypertrophy. Multiphasic contrast-enhanced multidetectorrow CT (MDCT) can also help identify causes of intrahepatic bile duct strictures, and assess the tumor stage and resectability of ICC (17) . The typical radiographic characteristics of ICC include a hypodense hepatic lesion without a capsule, and distal biliary dilatation. Capsular retraction could be seen in individual patients with fibrotic tumors. Rim enhancement can be seen in both arterial and venous phases after administration of the contrast agent (17) . The enhancement pattern in some ICC cases, especially those with small sizes, can be similar to that in HCC (18) . ICC often appears as a hypointense lesion on MR T1weighted images, and a heterogeneous hyperintense lesion on T2-weighted images (19) . After gadoxetic acid enhancement, the lesion may appear as a target-shaped mass with a lobulated shape and weak rim. CT and MRI/MRCP may have some value in identifying metastatic tumors in the most common sites such as lymph nodes, peritoneum, lungs and pleura. Meanwhile, positron emission tomography with fluorodeoxyglucose (FDG-PET) scan may play an important role in preoperative evaluation of potentially occult metastatic disease (20) .
Tumor staging
A variety of ICC staging systems have been proposed, but all of them are based on western populations. The main difference between these staging systems is the factors included in T staging classification. The latest AJCC/UICC staging system (7 th edition) assesses the predictive factors for ICC separately, which is a significant improvement as compared with the previous staging systems in which ICC and HCC are both regarded as "primary liver cancer". In addition, the 7 th edition no longer regards tumor size as a prognostic factor. Instead, it considers the number of lesions, vascular invasion, intrahepatic metastasis, and adjacent tissue invasion as the important factors affecting the T stage of ICC (21) . Staging of ICC is a systematic process that starts with the evaluation of local invasion by imaging study of the abdomen, or the chest and pelvis in some cases. A PET scan can be considered if no distant metastasis, extra-regional node involvement or critical adjacent structural invasion is detected by routine examinations. Previously, the staging criteria for HCC were applied to ICC, knowing that ICC is a relatively rare malignancy and the etiological and pathological characteristics of ICC are not well documented (8) . However, it has been realized that ICC represents a distinct hepatobiliary malignancy that is different from HCC in both carcinogenesis and biological behaviors. Therefore, it should be investigated by using ICC-specific staging systems and prognostic models. Currently, four models for TNM staging and prognostic assessment of ICC have been developed based on oriental populations, including the Okabayashi staging system (22) , the Liver Cancer Study Group of Japan (LCSGJ) staging system (2) , and the Prognostic Score of Fudan University and the Nomogram of Eastern Hepatobiliary Surgery Hospital in China (23, 24) . Among them, LCSGJ defines three gross pathological types of ICC: mass-forming (MF) type, periductal infiltrating (PI) type, and intraductal growth type (IG) (22) . The MF type is the most common type, accounting for 86% of all ICC cases, and the other two are very uncommon. The two staging systems in Japan are specific for the MF type ICC. In addition, other than the TNM staging system, several new prognostic models have been reported both in Eastern and Western worlds, including scoring systems and related nomograms. These prognostic models include more comprehensive contributing factors affecting prognosis as compared with the TNM staging system, and therefore their predictive power for prognosis is improved significantly. For instance, nomograms can integrate and graphically display the risk factors affecting tumor prognosis, thus giving a probability value to the occurrence of clinical events, based on which decisions on individualized treatment and adjuvant therapy can be made. The result of prognostic assessment of a broad range of tumors has shown that as compared with the conventional TNM staging system, the predictive performance of nomograms is enhanced at least in terms of precision (24, 25) . However, some authors believe that the system needs to be improved to increase the accuracy of prognostic stratification, and that clinicians should include tumor size, cancer cell differentiation and other prognostic predictors in the current AJCC criteria (26) .
Surgical management
Surgical resection is the most effective treatment for ICC at present, but its resectability and curability remain low. Unlike HCC, most ICC cases have poor blood supply and rare liver cirrhosis. Thus extended hepatectomy is often required, including bloc resection with resection of the vessel, bile duct and adjacent tissue invaded by the tumor in some cases (27) . The extent of resection should be determined by the size and location of the lesion, satellite situation, and the degree of tumor infiltration. R0 resection is the only curative treatment for ICC at present. The ICC lesion is frequently multifocal due to the tendency of high invasiveness, node metastasis and vascular invasion, which are the main reasons for poor long-term survival of ICC patients after resection. It was found that nearly 30% ICC patients could no longer be treated with curative resection because of intrahepatic metastasis involving more than two lobes or peritoneal metastasis during laparotomy or laparoscopic exploration (27) (28) (29) (30) (31) . Some studies reported that the 5-year overall survival (OS) rate was 39-41% in patients with negative margins and 0% in those with positive margins (32) (33) (34) (35) . Hence, aggressive surgical strategies aiming to achieve a R0 resection are vital for long-term survival of ICC patients including those with relapsed ICC. Prognosis after resection is affected by the size and number of lesions, lymph node metastasis, satellite, vascular invasion (hepatic vein or portal vein), margins and other factors. Lymph node metastasis is an important prognostic factor, but there are still controversies over whether routine lymph node dissection improves the survival outcome. It was reported that the long-term survival of ICC patients after liver resection is associated with clinical pathological factors including no clinical symptoms, an early tumor stage, the papillary mass forming type and postoperative chemotherapy (33, (36) (37) (38) (39) (40) (41) (42) .
Preoperative evaluation and staging laparoscopy
Radical surgery should ensure a complete tumor resection and negative resection margin invasion. The prognosis of ICC patients is closely related to whether radical resection can be performed. However, the radical resection rate of ICC is only 15-20%, which is far lower than 70% for distal bile duct carcinoma (34) . Preoperative clinical data © HepatoBiliary Surgery and Nutrition. All rights reserved.
HepatoBiliary Surg Nutr 2017;6(2):79-90 hbsn.amegroups.com and radiographic data should be collected to evaluate the potential of radical tumor resection, while the physical status score, nutritional condition and morbidities should also be considered. Albumin and total bilirubin levels can be used to predict the risk of postoperative hepatic failure, and preoperative serum albumin <3 g/dL and bilirubin >10 mg/dL often indicate poor prognosis of ICC patients (35) . Preoperative treatment includes preoperative jaundicereducing and PVE, respectively for patients with obstructive jaundice caused by hilar bile duct invasion and patients with postoperative residual liver volume deficiency. ICC invading the secondary or above biliary branch is considered to be one of the contraindications to surgical resection. But for some patients with jaundice who have been carefully evaluated for the invasion of the hilar bile duct and received R0 hepatic resection treatment, preoperative biliary drainage to reduce bilirubin can reduce the occurrence of postresectional hepatic insufficiency. The criteria for evaluation of tumor resection include the extent of intra-or extrahepatic bile duct invasion, vascular invasion, liver lobe atrophy, local and distant metastasis. Preoperative biliary drainage should be considered for patients with obstructive jaundice caused by tumor invasion, and preoperative portal vein embolization (PVE) can be performed for patients with future liver remnant (FLR) volume less than 30%, knowing that it can promote the compensatory proliferation of the reserved residual liver and reduce postoperative complications and mortality of the patients (43) . Portal vein invasion is known as an independent risk factor for unresectable tumors, but many signs, such as peritoneal implantation, intrahepatic metastasis, lymph node invasion and the actual tumor invasive range sometimes cannot be accurately predicted by preoperative radiological presentations until abdominal exploration is performed. Laparoscopic or mini laparotomy can effectively evaluate the patient's tumor stage and unresectability. There is no guide to confirm whether ICC patients who receive accurate preoperative prediction of respectability can benefit from liver resection, but a recent study shows that an appropriate treatment option can be obtained by combining nomograms including preoperative factors and a regret-based decision curve analysis (44) . Imaging examinations, including abdominal CT and various forms of (MR, endoscopic or transhepatic) cholangiopancreatography are helpful in the diagnosis and staging of ICC. PET scan may be done to detect possible occult metastasis.
The role of staging laparoscopy in the management of ICC has not been well documented, but it may be useful in ruling out small peritoneal implants before proceeding with a laparotomic incision. Approximately 36% ICC cases were found to be unresectable due to laparoscopic detection of peritoneal or intrahepatic metastasis (31) . In addition, the presence of intrahepatic metastasis and vascular invasion may be detected with a combination of ultrasound during operation.
Lymphadenectomy
Lymphatic metastasis is a significant prognostic factor in ICC. The role of routine lymphadenectomy is still controversial. Few data regarding the benefits of lymphadenectomy for ICC have been reported. Some studies suggest that routine lymphadenectomy should be performed to provide better prognostic assessment and reduce local recurrences (45, 46) . The 2015 expert consensus on ICC treatment recommends that regional lymphadenectomy should be performed as a standard part of surgical therapy due to high incidence of node metastasis, its prognostic importance and the potential therapeutic benefit in decreasing locoregional recurrence (47) . Despite the fact that lymph node involvement is an important prognostic factor for ICC, lymphadenectomy does not appear to provide proven therapeutic benefits, and there is a lack of consensus as to whether or not it should be routinely performed (21, 33) . There is evidence that the lymph node dissection group failed to achieve better prognosis as compared with the control group, mainly due to uncontrolled postoperative intrahepatic metastasis and lymph node metastasis, which indicates late stage and metastatic lesions beyond the scope of lymphadenectomy. As is reported that lymph node metastasis has negative impact on prognosis and the incidence of node metastasis is as high as 40%, approximately 55% of patients have pathologic evaluation of at least one regional LN (27, 33) . According to our experience, lymphadenectomy should be performed regardless whether local positive lymph nodes are detected or not by preoperative examinations or during surgery, because it can help identify the clinical stage and guide postoperative therapy although the postoperative pathological positive rate is not high. Nevertheless, there are certain risks that should be weighed against the benefits to perform portal lymph node dissection such as common bile duct devascularization, knowing that it is likely to cause complications. Meanwhile, lymph node metastasis and hepatic venous invasion are also negative prognostic factors for resected ICC.
Surgical resection
The surgical treatment for ICC by radical hepatic resection is to achieve negative resection margins (48) . Anatomic resection with wide margins is recommended for ICC if adequate functional liver remnant remains (49) . Major liver resections, such as hemi-hepatectomy or extended hepatic resection, as well as resections and reconstruction of the bile drainage may be needed in a considerable proportion of ICC patients [over 70% for hemi-hepatectomy or extended hepatic resection (43) and over 20% for biliary resection and reconstruction (27) ]. Laparoscopic or robotic liver resection might be an option for suitable patients with T1 or T2 stage ICC, which is associated with a less need for Pringle maneuver and less blood loss (50) . Margin-free resections are very challenging in patients with locally advanced tumors or large tumors (33) . Nevertheless, resection should not be attempted in patients with unresectable disease based on stage assessment. ICC is considered unresectable in the presence of intrahepatic or distant metastases, invasion or encasement of major vessels, or extensive regional lymph nodes (51) .
For non-cirrhotic patients whose predicted residual liver volume after resection is less than 25% or cirrhotic patients whose residual liver volume is less than 40%, selective embolization of the target branches of the portal vein can promote remnant liver proliferation, thus achieving a lower incidence of postoperative complications and mortality.
Although surgical resection remains the gold standard for ICC treatment, local ablation, including radiofrequency ablation and microwave ablation, can achieve good clinical efficacy in the treatment of small tumors or recurrent multiple tumors. So far no prospective controlled study has shown significant difference in the treatment of ICC between minimally invasive procedures and routine liver resection. Local ablation is mainly for unresectable or recurrent tumors and should follow the indication of percutaneous ultrasound-guided ablation. It is reported that PRFA operated by experienced experts can obtain better or equivalent results of surgical resection, with damage rate as high as 90% after the initial treatment, 1-year OS rate of 80-100%, and 5-year OS rate of 20% (52, 53) . Prognostic factors of RFA include tumor size, lymph node invasion and tumor differentiation. Tumor diameter less than 5cm is an important factor for the effective rate and good survival rate of ablation.
Neoadjuvant chemotherapy can reduce the tumor stage and increase the surgical resection rate for ICC with local progression and regional lymph node metastasis. Chemotherapy regimens like cisplatin plus gemcitabine for treatment of pancreatic cancer have a certain effect on metastatic patients and can prolong the postoperative survival rate, though there is no prospective study to verify its effect on down-stage surgery (54) (55) (56) (57) .
Postoperative outcomes
The 5-year OS rate of ICC patients after R0 resection is 15-40% and 80% of them has intrahepatic recurrence (58, 59) ,which is worse than that of HCC. The reason may lie in the histological difference between HCC and ICC. The invasion of lymph nodes, nerves, extrahepatic portal vein, perihilar vein and lymph node metastasis accounts for 85%, 80%, 58%, 40% and 37% respectively, similar to that of perihilar cholangiocarcinoma and distal cholangiocarcinoma (60) . In addition, the proportion of intrahepatic portal vein invasion, hepatic vein invasion and intrahepatic metastasis is similar to that of HCC (27, 32, 61) . The rate of postoperative complications is 11-58%, including bile leakage, hepatic dysfunction, abdominal infection, and portal vein embolism. The rate of perioperative mortality is 1.2-7%, commonly due to liver failure, septic shock, and multiple organ dysfunction. In conclusion, ICC is characterized by features of both HCC and cholangiocarcinoma, which lead to worse prognosis (29, 38, 62) .
Long-term outcomes vary among ICC patients who receive curative resection and are related to the location and extent of the primary lesion, surgical margin status, and potential complications. Some studies have reported improved survivals over time for the past few years, and pointed out that this change might result from the improved non-surgical therapies or more careful selection of candidates for surgical resection (63) . The postoperative outcome of ICC patients mainly depends on the disease stage (especially the status of lymph node involvement and vascular invasion) rather than tumor size, as well as the surgical margin status (64, 65) . The postoperative 5-year OS rate is generally about 40% (66,67), but a better survival rate as high as 63% could be achieved in patients with negative margins (R0 resections) and negative lymph node involvement (30, 68, 69) . The stage-stratified 5-year survival based on the 7 th edition of the AJCC staging system in a French study of 163 patients underwent potentially curative surgery was reported to be 32% for all patients enrolled, 62% for stage I (T1N0), 27% for stage II (T2N0), © HepatoBiliary Surgery and Nutrition. All rights reserved.
HepatoBiliary Surg Nutr 2017;6(2):79-90 hbsn.amegroups.com and 14% for stage III (T3N0, T1-3, N1) (70) . Portal vein tumor thrombus was demonstrated to be an independent risk factor for OS (HR 1.783; 95% CI: 1.28-2.49) in ICC patients underwent liver resection (71) . A retrospective study reviewed the data from 74 ICC patients treated with surgical resection and found that normal postoperative CA19-9 level could be a predictor of longer survival outcomes, compared with those with persistently high CA19-9 level (72) . A propensity score matching analysis showed that the use of nomograms is a good way to predict survival after resection. One nomogram has been developed for ICC, including tumor (T) and nodal (N) classifications, tumor size, the number of tumor nodules, preoperative level of serum tumor markers, and vascular invasion (24) (Figure 1) . It is reported by a multicenter retrospective study that the long-term prognosis after hepatectomy for elderly people is similar to that for young people, but the postoperative complication rate is significantly higher.
Recurrence is an important negative factor affecting the prognosis of ICC patients. It is reported that despite curative resection of ICC, recurrence may occur in 79% patients at 5 years (28) . Local recurrence is the most common pattern after R0 resection (73) , although the other patterns such as intrahepatic, nodal, or extrahepatic distant (intraperitoneal) recurrences/metastases were also observed (74) . A study utilizing an international database investigated 563 patients underwent curative-intent resection for ICC with a median follow-up of 19 months and found that the most common recurrence site was intrahepatic only (59.8%), extrahepatic only (14.5%), or both intra-and extrahepatic (25.7%) (75) . Unlike HCC in which recurrences mainly occur in the liver, the profile of ICC recurrence is consistent with its characteristics as a systemic disease (32, 58, 76) . Patients with recurrent ICC were found to be associated with worse outcomes. The median survival from the time of recurrence is about 11.1 months in patients treated with different therapies vs. 26.7 months in patients underwent resection of the recurrent tumors (75) . Intrahepatic metastasis is the most common event in metastatic ICC patients. Surgery remains optional if the metastatic lesion is solitary and patients are at affordable general condition. Despite small patients size in the publication, 9-30% post-operation recurrences can be successfully re-resected (75, 77, 78) . In our experience, with close post-operation monitoring, a significant proportion of recurrences can be detected at early stages and liver re-resection is safe for patients with RICC after initial liver resection, showing relatively good outcomes in selected patients. With the development and progress in chemotherapy, ablation, embolization, radiation and other treatment choices for ICC, improved survival has been seen in patients with recurrent diseases after surgery who have undergone adjuvant chemotherapy or multimodal treatments including locoregional therapies such as radiofrequency ablation, transarterial Yttrium 90 microsphere radiotherapy, and TACE (79, 80) .
Extended hepatectomy
Based on the above considerations, complete surgical resection is a vital part of measures to ensure a favorable prognosis. For ICC patients, it means an anatomical hepatectomy or a combined resection with vascular structures and surrounding organs. It has been reported that large tumor size, intrahepatic metastasis, lymph node metastasis, and vascular invasion are associated with poor prognosis of patients after surgical resection of ICC. The association between resection margin width and prognosis (a narrow margin is associated with a poor prognosis) is more evident in ICC patients than in HCC patients. Therefore, R0 resection with preservation of an adequate margin presents a significant challenge for surgeons in ICC patients with a large tumor burden, although a multi-centre study demonstrated the safety and efficacy of extended hepatectomy in patients with advanced ICC, larger tumors or multiple lesions (81) . Pawlik et al. reported surgical excision of ICC in a cohort of 557 patients. They assigned 215 patients to Group A with lesion size <7 cm and a solitary tumor, and the remaining 342 patients to Group B with advanced tumor, lesion size >7 cm, and/ or more than two lesions. The result showed that the proportion of patients receiving extended hepatectomy in Group B was higher than that in Group A (16.9% vs. 30.4%; P<0.001). In addition, their postoperative pathology demonstrated that vascular invasion, direct invasion of contiguous organs, and nodal metastasis were more common in Group B than in Group A. The incidence of postoperative complications and hospital mortality were similar between the two groups. Patients in group A showed improved 5-year OS and disease-free survival (DFS) as compared with patients in Group B. For patients with multiple lesions (more than 3) or lymph node metastasis, especially those with truncus coeliacus and paraaortic lymph node metastasis, the indication of extended hepatectomy should be carefully assessed, and adjuvant therapies like chemotherapy or transarterial treatment may be considered before further treatment (28) . Therefore, even though the effect of resection margins on prognosis of ICC remains controversial (82) (83) (84) , we recommend that anatomical hepatectomy should be conducted for patients with adequate FLR. When gross liver resection is not feasible because of inadequate FLR or remnant liver function, a resection margin of 1 cm should be the goal.
Combined vascular resection is also one of the strategies to achieve a R0 resection and has been conducted in 9-14% of radical hepatectomy patients (27, 29, 30) . Vascular resection in combination with hepatectomy increases not only the probability to achieve negative surgical margins (28) but also the incidence of postoperative major complications. Therefore, hepatectomy in combination with inferior vena cava and portal vein partial resection plus reconstruction or hepatic artery resection may be considered in adequately assessed cases to achieve a R0 resection. Combined organ resection comprises hepatectomy in combination with resection of adjacent organs like the gall bladder, extrahepatic biliary tract, diaphragm and pancreas and may be performed in patients with invaded biliary junctions, and patients underwent hepatectomy in combination with extrahepatic biliary tract resection and reconstruction (27, (85) (86) (87) (88) . Further clinical data are needed to confirm the long-term efficacy in such patients.
Surgery-centered multidisciplinary team (MDT)
With actively evolving tumor treatment modalities and concepts, and knowing that optimal efficacy can rarely be achieved by a single treatment regimen, MDT as a collaborative health care model has been increasingly recognized. Unlike traditional health care models, the MDT model is characterized by patient-centered and MDT-dependent integration of multiple care models, through which optimal diagnosis and treatment regimens for ICC patents are performed to improve survival. In surgically resected ICC patients, the role of MDT is established throughout the course of treatment. For patients who could not achieve a negative margin, postoperative radiation therapies have been reported to prolong survival (89, 90) . For instance, in a cohort of 38 patients with tumors removed from the surface of vessels leaving almost no resection margin, DFS (12.5 vs. 5.5 m; P=0.081) and OS (21.8 vs. 15 m; P=0.049) were improved through postoperative intensity modulated radiotherapy (IMRT) (90) . Currently, post-operative treatment regimens of combined modality therapy involving multiple disciplines are decided © HepatoBiliary Surgery and Nutrition. All rights reserved.
HepatoBiliary Surg Nutr 2017;6(2):79-90 hbsn.amegroups.com based on the pathological characteristics, the extent of local invasion and pathological stage classification of the neoplasm. Exploration of the anti-recurrence or early recurrence effect of post-operative TACE, radiotherapy, chemotherapy and ablation is ongoing, with some reports showing survival to be improved in patients with positive margins or lymph nodes and early recurrence (79, 80, (89) (90) (91) , although the results require further investigation with prospective randomized control studies due to the relatively small sample size and low evidence grades at present.
For downstage resection of ICC, or stage-two surgical resection following neoadjuvant chemotherapy in patients with locally advanced tumors, it has been shown from the perspective of net health benefit (NHB) that for patients with large ICC tumors or vascular invasion, upfront hepatic resection was more cost-effective than systemic chemotherapy (92) . But initial systemic chemotherapy followed by possible curative hepatic resection is more cost-effective than upfront hepatic resection for patients with multi-focal ICC (92) . ICCs are seldom sensitive to chemotherapy with a low response rate, although it is reported that cisplatin and gemcitabine may improve survival (54) . Further prospective studies are required.
Liver transplantation (LT)
Due to the lack of standard indications and highly controversial outcomes, LT is not recommended as a routine procedure for ICC (58) . LT for ICC is no longer performed in many centers due to unsatisfactory longterm survival and high recurrence rates. However, some recent studies reported that ICC patients with small solitary tumors had acceptable or even excellent long-term survival after LT (93, 94) . Without concomitant chemotherapies, the 3-year survival of ICC patients underwent LT ranges between 50% and 65% (95,96), while patients underwent systematic adjuvant or neoadjuvant therapy achieved better long-term survival (97) . Commonly reported adverse prognostic factors for LT include perineural invasion, multifocality, infiltrative tumor growth, lymphovascular invasion (98, 99) , and a history of PSC (100) . Meanwhile, recent studies (99, 101) found that certain ICC patients, particularly those with small solitary tumors or welldifferentiated ICCs, could have more favorable long-term survival after LT. In contrast, moderately-differentiated ICC might be associated with a high recurrence rate and poor survival (102) . In summary, LT is not completely ineffective, but its controversial indications and low cost-effectiveness may limit its use in treatment of ICC.
In summary, ICC is among the most common hepatic malignancies second to HCC and the number of ICC patients is increasing. A variety of risk factors including infections, environments and metabolism have been established for ICC. Surgical resection is a well-defined and the only curative option for eligible patients at present, while other treatment strategies like local-regional and systemic therapies can provide more alternatives for unresectable cases for prevention and treatment of recurrences.
